NASA-TM-584% 7

NASA-TM-88447 19860018625



iIUllllNlHll\\?I!llﬂNlIHIHlHHHlI!WWHIIIHMI\HI - o NS T8

311760140402

NASA TECHNICAL MEMORANDUM NASA TM-88447

WALL EFFECTS IN WIND TUNNELS

J.P.. Chevallier and X. Vaucheret

LANGLEY RESEARCH CENTER
LIBRARY, NASA
HAMPTON, VIRGINIA

Translation of "Effets de parois en soufflerie, O.N.E.R.A.,

Report No. T.P. 1983-143, presented at the 20th Collogium on
Applied Aerodynamics of the AAAF, Toulouse, France, November
8-10, 1983, pp. 1-31.

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON, D.C. 20546 JULY 1986



STAMDARD TITUE pyc

(T Repect Ne.
NASA TM 88447

2. Cevemment Accession Ne.

4L Tide end Subiitle

WALL EFFECTS IN WIND TUNNELS

3. Repect Date

July 1986

b, Peaslarming Orgenisation Code

1. AuvBede)
J.P. Chevallier, and X. Vaucheret

8. Peslorming Orgenisation Repare He.,

Y. Reclplent’s Cateleg Nﬁ

———]

10. York Ualt Neo.

9. Poilecm:ng Oeconigation Hame end Alliess
Leo Kanner Associlates
Redwood City, CA 94063

11. Contrect a¢ Grant No.

NASW-4005

1Y Type of Repert cnd Period Covared

12, Jpentorny Agency Neme ond Address
National Aeronautics and Space Adminis-

Translation

14, 3penceciay Azency Cole

tration, Washington D.C. 20546

15, Suzzlarmentery Noter

8-10, 1983, pp. 1-31

Translation of "Effects de parois en soufflerie;. 0.N.E.R.A.,
Report No. T.P. 1983-143, presented at the 20th Colloquium on
Applied Aerodynamics of the AAAF, Toulouse, France, November

167 £3anigcr

perturbatory effects.

A synthesis of current trends in the reduction and computatioh
of wall effects is presented. Some of the points discussed

include: (1) for the two-dimensional, transonic tests, variou
control techniques of boundary conditions are used with adap-
tive walls offering high precision in determining reference

conditions and residual corrections. A reductien 'in the boungd
ary layer effects of the lateral walls is obtained at T2; (2)
for the three-dimensional tests, the methods for the reductio
of wall effects are still seldom applied due to a lesser need
and to their complexity: (3) the supports holding the model o
the probes have to be taken into account in the estimation of

{

17, Koy meede (Setcctea by Author(n)) 18, Diareibutien Statecent

Unclassified-Unlimited

19, Secvriy Cleaetl, (of thie cogect) 20, Secwveity Cleeat!l, (ol thie pege)

Unclassified Unclassified

Il Mo, of ‘;cgo. ) 22.

Wi

5

494 19735F
(clG rNAL

NSt 157
NEb- 25097




EXTRA COPY OF PAPF™ WORK

\

)

NASA TM-88447
p.2 3rd para.
It is generally achieved

should be: This reduction in wall effects - CHANGES MEANING COMPL

p.-2 4th para.

used speed should be velocity. (Velocity has to have a special dir

p.3 2nd para:

used "at the center of Ames" Should be at NASA Ames.
P-4

vectorizing should be minimizing -

gust " " tunnel run

NASA center of Wright Field should be AFFDL at Wright Field

ATTACHMENT 1: RECON printout 86N28097
ATTACHMENT 2: Translation Evaluation Form
ATTACHMENT 3: Original document RECON printout



WALL EFFECTS IN WIND TUNNELS
by J.P. Chevallier and X. Vaucheret

INTRODUCTION /3%

The recent first comme:cial operation of the NRF high Reyn-
0olds number wind tunnel (NASA Langley) [1] , the European ETW
wind tunnel project [2] and the continuous request of manufactur-
ers for more specific test conditions in existing installations
have led to the creation of different work groups to study the
problem of wall effects from the three-fold standpoint of their
determination, their reduction and their correction. We may men-
tion in particular an AGARD work group under the auspices of the
"Wind Tunnel Testing Subcommittee of the Fluid Dynamics Panel" [3],
and the GARTEUR action groups [4]. The most important results

were also presented during the following meetings:

~AGARD-FDP Meeting at London on May 19, 20, 1982 (17 reports

on wall effects in wind tunnels) [5];
—-AGARD FMP Meeting at Smyrne on October 11 to 15, 1982 [6];

-Working sessions on "the reduction and correction of wind
tunnel wall effects" NASA Langley Research Center January 25-26
1983 [7].

-53rd AGARD FDP Meeting on "Wind Tunnels and Testing Techniques"
at Cesme on September 26 to 29, 1983 where 36 reports were presen-
ted, particularly that of Bionion and Kraft [8], presenting the

conclusions of the 1982 meeting at London [5].

Of all studies presented, our purpose is to reveal which of
these are current trends and to specify our own practices. To
accomplish this, we shall first examine the means currently used
to reduce wall effects, then recent methods of calculating these

effects, because the two problems are now intricately interrelated.



It seems that there is a quasi general agreement on the need to
use measurements of the speed field in the vicinity of the walls
to calculate interferences. Measurements of the same type will
be used for testing the boundary conditions when we try to mini-

mize these interferences.

In the second part the methods are applied to industrial
wind tunnels based on parietal measurements so as to test the

representation of the model and its support.
1 - VARIOUS METHODS FOR REDUCING OR CALCULATING WALL EFFECTS
1.1 - REDUCING WALL EFFECTS

It is generally achieved because the term "adaptive walls"
is used. It is a vague term covering highly diverse practices
using for example:

-permeable walls (perforated walls with variable porosity,
fractionated suction chambers, controlled back-pressure; changing

slits with valves or counterplates; transversal flaps),
-flexible solid walls. /4

Various devices for measuring the speed field are combined
with these means of testing the transversal flow component: iso-
lated probes, longitudinal tubes fitted with pressure taps, laser
velocimetry, parietal taps. We will limit ourselves to a brief
description of operational systems, the results of which are pub-
lished and to the most advanced projects, primarily for two-dimen-
sional testing. The characteristics reduced in terms of test sec-
tion height (table 1) facilitate comparisions.



-Wind Tunels With Perforated Walls and Multiple Chambers

The first developed at CALSPAN based on Sears! ideas [9] has

a section 25 cm wide and 30 cm high, walls with normal perforations
(22.5% opening) with 8 lower chambers and 10 upper chambers, tested
individually. Measurements of the flow speed and direction on the
control surface, performed at the beginning with clinometric probes
now are due to the calibration of longitudinal tubes equipped with
2 rows of pressure taps arranged over opposite generators. These
tubes, installed over a rotary support, should enable measurements
to be performed on a cylindrical control surface for the extension
of three-dimensional flows (Wind tunnels 1T, then 4T of AEDC)

figure 1.
-Wind Tunnel With Slits and Multiple Chambers

At the center of AMES [10], a 25 x 13 cm2 wind tunnel has 6
suction compartments for each wall. These compartments are in
turn dividéd widthwise into 3 chambers for a three-dimensional
adaptation. The measurement of 2 disturbance speed components
on one control surface is replaced by the use of 2 control sur-
faces with measurement of the one cross-component using a laser

velocimeter.
-2D Wind Tunnels With Solid Flexible Walls

At the Univeristy of Southampton, the TSWT (Transonic Self
Streamlining Wind Tunnel) has a 15 x 15 cm2 square section and a
very long test section (l1.12 m) whose upper and lower walls are
each shaped using 20 electric actuators with a similar number of
parietal pressure taps [11]. As such the wind tunnel was used for
two- and three-dimensional testing to determine whether the dis-
turbances to be measured on the walls of these are difficult to

obtain with precision (figure 1).

At the Technical University of Berlin [12], the T.U.B. wind

=



tunnel has a 15 x 15 cmzlsquare section with two flexible walls
over 0.69 m each shaped by 8 direct current acutators with a 25 mm

path and equipped with some 20 pressure taps.

At CERT at Toulouse, the T2 wind tunnel [18], which was the
subject of 2 reports [13, 14] has over its competitors the advan-
tages of one order of magnitude at least with respect to the Reyn-
0lds numbers (0.37 x 0.38 m2 test section and generating pressure
5b) and an excellent relative precision in the knowledge of wall
shapes (using potentiometers of about 0.05 mm) and speed distribu-
tions (with 91 pressure taps on each wall). By vectorizing the
program for calculating the virtual field and optimizing the relax-
ation factors reducing the time required for adaptation during a

gust of a few tens of seconds.

In addition to these advantages, the T2 wind tunnel has a rela- /5

tively short test section (table 1). What can we conclude about

the precision of the reference conditions obtained in these condi-
tions? We shall return to this essential point after a brief re-

view of the new methods of assessing wall effects. It should be
pointed out that an attempt has been made to compensate for lateral
boundary layer effects using reliefs made by gluing paper cut out

in the shape of level lines [15]. This procedure finds its justi-
fication in recent CEAT tests [16] which show: the existence at the
root of the model two small counter-rotative vortices, very differ-

rent from the modelization proposed by Preston [17].
3D Wind Tunnels With Flexible Walls

At the NASA center of Wright Field a 9' x 9' test section
(i.e. about 23 x 23 cm) operating under 4b has 2 flat side walls
whereas the other two are made up of flexible rods with alterna-
ting circular and triangular sections activated by some 100 actu-

ators. No measurement was performed on the walls [3].



At the Technical University of Berlin [12] a second test
section, with an 18 x 15 cm2 octogonal section, is used for 3D
tests. The feasibility of such tests was demonstrated recently
in an operation at Cesme in September 1983 (figure 3), despite

the small deformations to be achieved (of the order of one mm).

At DFVLR, in the advanced project, Dehnbare Adapative Meb-
strecke (DAM) the circular test section was made up of an elastic
tube 800 mm thick whose diameter was stretched into 8 sections by
8 actuators [12] (figure 5).

1.2 - NEW METHODS OF CORRECTING WALL EFFECTS

This was the title, in singular form, of a report presented
at the 14th Symposium of Applied Aerodynamics at Toulouse in 1977
[19]. We still use this name for methods which have multiplied
for 6 years and whose common points is to call on measurements
made on walls or in their vicinity. Created from the necessity
of being applicable to adaptive, but not perfectly adapted walls,
this type of method has for conventional walls the advantage of
eliminating certain controversial assumptions on lineary boundary
conditions [18, 20].

Without going into too much detail, we may mention the follow-

ing methods in the order they appeared:

Kemp: the unknown intensity of the singularities arranged
at the walls and at the location of the model is determined to
satisfy with speed measurements on an equal number of control
points, on the model and at the walls, by resolving the linear
system formed with the corresponding impact factors. The parietal
singularities thus defined contribute alone to the interferences

under investigation.

-Smith [25]: the NLR I method differs: from that of Kemp only



in the limitation of the unknown singularities at the wall, the
model being represented by given singularities, functions of its

geometry and of overall lift and drag measurements.

Capalier et alii [19]: in contrast to the two aforementioned
methods the formulation expressed in terms of integrals of the
speed deviations measured at the walls and calculated for the model
avoids resolving the linear system and therefore eliminates the
conserjuences of random errors in the measurements. This method
applies not only to the two-dimensional case, but also to three-
dimensional flows in test sections with a rectangular section and
flat side walls.

Swada [22] presented a very similar method which he recently
applied to two-dimensional unsteady flows [37].

Mokry and Ohman [23]: Direchlet's problem for the axial speed
inside the surface upon which boundary data are collected is sol-
ved in the form of a Fourier-Bessle series for three-dimensional
cases. Their coefficients are obtained using rapid Fourier trans-

forms.

For corrections calculated on the axis of the test section,
a cylindrical control surface may be used no matter what the

shape of the test section has.

Mokry compared these methods [24] on a two-dimensional test
case and showed that [19] and [23] gave identical results and

[22] and [25] deviated only very slightly.

Ashill [27] as well as Smith in the unpublished NLR II method
avoiding the use of the model which may be delicate in the presence
of supersonic or separation regions in the flow. They should
therefore use measurements of the two disturbance components in
the vicinity of the walls.



All of these methods are of the linear type and are limited
for this reason below M = 1. Also they implicitly assume that the
boundary conditions are homogeneous encugh for the measurements

near the walls to be significant.

For any method used, the precision required in knowing the
two disturbance components will be brought to light through the
explicit formulation of the speed and incidence corrections based
on the relative longitudinal disturbance component u [19] cu, ac-
cording to the so-called conjugated formulation [28] on the rela-
tive transversal component . By letting uZ and vi be the wall
interference components at the center of the test section and by
simplifying the formulas given in [18] based on an empty test sec-

tion.
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No problem is raised by using formula (1) because it was
shown that it tolerates the truncation of the integration termin-
als owing to the rapid decrease in the impact function and the
fact that it eliminates the reference errors. The same is true
for formula (4) in regard to incidence. Conversely, for foérmula
(2) it is necessary to determine the constant C. It is zero if
we adopt as reference a flow direction which is sufficiently up-
stream so that the differencenx(%,fﬁif%ﬁff;:‘ﬂis zero. It also
shows in the nucleus of the integral a speed difference which is
delicate to measure. -



Based on these formulas we therefore conclude that to :apply
the so-called new corréction methods it 'is necessary to know, at
a right angle with the model, the speed vector in modulus and dir-
ection, in the vicinity of the walls, with a precision of the same
order of as that required on so-called "upstream infinity" condi-

tions.
1.3 - DETERMINING THE REFERENCE CONDITIONS

The crucial importance of determining these conditions accur-
ately was recently recalled in a report under the "Wind Tunnel
Testing Techniques" Committee of AGARD-FDP which set fort the re-
quirements of airplane manufacturers with respect to wind tunnels
[29].

The investigation of an error limited to ACX = 0.0001 leads
to AM = 0.001 and Ao = 0.01° in regard to the Mach number and the
incidence. This goal, which seems a challenge, actually deserves
considerable effort because in other sources [30] it is shown that
a 1% gain in the cruise drag (considerable only in these conditions)
is profitable even if we have to quintuple the number of aerodyna-

mic tests of a transport aircraft.

How can we possibly know the direction and speed of an "infin-

ite upstream" flow in a wind tunnel with such accuracy?

Excluding the support effects, which will be discussed in
the second part, and remembering that we have to know the direction
and speed on a control surface with the same precision, by examin-
ing the errors inherent to the various procedures for measring the
flow disturbance components (laser, clinometric probes, etc), here
at ONERA we think that there is only one valid procedure: using
deformable solid walls where the quality of the surface condition
and pressure taps is equal to that obtained on airfoils and posi-

tion measurements showing the shape of the wall (which will be



corrected for the boundary layer displacement thicknesses).

Among the wind tunnels which try to achieve these conditions,
we see that T2 has a shorter test section, but that it is long
enough to define the reference conditions perfectly, given the
balance functions discussed above. It has the largest number of
parietal pressure measurements and actuators near the model and
the best definition of the wall positions. The scope of the dis-
placements is slightly smaller and as a result the dimension of
the model is limited. The displacement pitch in other regions is

too strong.

In these apparently optimal conditions, has the objective
focussed on been achieved? It is virtually impossible to calcu-
late an error: the shapes of adaptive walls are derived by pro-
cessing an external virtual flow using Green's formula and whose
parietal speed measurements are the data. Conversely, the over-
speeds at a right angle with the model are also functionals of
the slopes obtained by smoothing and interpolation of the measured
dimensions. An intrinsic validation was therefore tried by plac-
ing the same mdoel (CAS 7 airfoil with a 200 mm chord) over the
axis of the wind tunnel and at 80 mm below this axis. By adapting
each case, the wall shapes and parietal pressure-distributions are
totally different [15]. The variation of the lift factor as a
function of the Mach number for angles of 0 and 1°, shown in fig-
ure 6 on a large scale, shows the dispersion of the measuring
points. The latter does not show any systematic deviation due to
the difference in testing conditions and it seems small enough for
us to be able to conclude that the objective is virtually if not
fully achieved. This success in two-dimensional testing leaves
promising prospects for extensions to three-dimensional flows pro-
vided that all precautions are taken to observe the purety of
the flows, the homogeneity of the boundary conditions and the pre-
cision of the parietal measurements in the presence of considerably
smaller disturbance fields.



2 - WALL AND SUPPORT EFFECTS IN ONERA'S INDUSTRIAL WIND TUNNELS

In wind tunnels not yet equipped with adaptive walls and with
magnetic suspensions, it is still necessary to make corrections
for wall and support effects to restore as far as possible the re-
sults which would be obtained on models in an unlimited atmosphere.
There are two types of corrections to be made for the potentials

under consideration:

-the wall effects are calculated based on the interference
potential promoted by the walls,

-the support effects are the result of the sum of the poten-
tial of the supports in an unlimited atmosphere and of the inter-
ference potential promoted by the walls.

2.1 WALL EFFECTS

Two methods are currently employed for calculating wall effects.

These methods have already been presented.

The first method, called the "conventional method" [31l] con-

sists of calculating the potential promoted by the walls by sol-
ving a problem whose data are the following:

-the potential of the model in an unlimited atmosphere,

-the boundary conditions on the walls of the test section

involving the concept of equivalent uniform wall porosity.

The second method, called the "signature method" [19] allows
the potential promoted by the walls to be derived from data con-

sisting of:

-the potential of the model in an unlimited atmosphere,

10



-the distributions of pressures measured on the control

surfaces of the test section (signatures).

These two methods have in common the assumption of a cylin-
drical test section reaching to infinity, and the necessity of

making use of a mathematical description of the model.
2.1.1 Mathematical Description of the Model

Since we are referring to a corrective calculation and not
a calculation of the flow on the model, the specification of the
model is rudimentary: it should include the required number of
singularities for the model field to be properly represented at
a distance from the model. The best way to control the specifi-
cation consists of comparing the signatures measured and calcula-
ted on the walls of the test section in a configuration with per-
fectly known boundary conditions: in this case the use of solid

walls is unambiguous.

The iterative process (figure 7) is the following: using sig-
nature measurements on the walls of a guided test section, in the
presence and in the absence of a model, by adding and subtracting
we find the parts for the locking and lift terms}Corresponding to
an .isolated model. The model specification associated with zero
porosity  conditions of the walls makes it possible to obtain sig-
natures at the same locations of the test section and to divide
them into locking and lift terms. An examination of the differen-
ces between calculated and measured signatures makes it possible
to check whether the model specification should be improved and in
this case which part of the specification, volume, wake, lift is
to be altered to be acceptable in terms of manufacturer specifica-

tions.

Two examples illustrate the mathematical specifications of
the model.

/9
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The first example concerns tests on a profile in a flat
current in S3ﬁA in a guided test section configuration. An ex-
ample of the signatures measured in the presence of a profile,
then corrected of the readings in the absencecof a profile (figure
8) show that the tapping errors were eliminated as well as the
effect of the wake comb located downstream. A comparison of the
calculated and measured signatures (figure 9) show that the 1lift
description due to two intensity vortices derived from measurements
of CZ and CM is adequate [32]. At zero lift, the description of
the volume using a single doublets is also adequate. Conversely,
the description of the wake using a single source is increasingly
incorrect when ZZ (therefore CX) increases. This is due to the -
absence of the tapping by considering the separations in the des-

cription. Work is now underway to correct this.

The second example concerns a space model (figure 10) in a

47 m2 SIMA test section. The description of the streamlined bodies

is here a double doublets number of the ratio between the length
and diameter of the body. We see that the calculated signatures,
in good agreement with the measurements, personalize well the
shape of the model: flat signature for the fuselage alone, bulging
for the entire spacecraft.

When the mathematical description of the model is considered

to be correct, calculations may begin to correct the wall effects.
2.1.2 Signatures Method /10

As indicated above, this method does not require knowledge
of wall porosities. One simply needs to measure the signatures
over a control surface so that the wall porosity effects are hom-

ogeneous.

In perforated walls, and a fortiori solid ones, these ocontrol
surfaces are the walls themselves. The duration of the signature

measurements does not exceed that of the wake measurements of a

12



flat current profile. This method is systematically applied to
profile testing in S3MA. The corrected results obtained on the
CAST 7 profile are in good agreement with those obtained in

the test section with adaptive walls of the T2 wind tunnel of
CERT/TOULOUSE (figure 11) as well as for the lift curves and for

the stability curves of the maximum CZ.

In the case of walls with slits, the signatures may no longer
be sampled on the walls. According to & recent publication [20],
the signatures should be recorded at a distance from the walls
which is virtually equal to the slit pitch. This is a problem
for the test section which as a limited number of slits.

2.1.3 Conventional Method

In addition to a correction description of the model, it is
necessary in the conventional method to know the wall porosity
laws as a function of the Mach and of the generating pressure and

to validate the concept of uniform wall porosity.

The reference tests [31l] are referred to determine the wall
porosity laws. These tests may be obtained by performing tests
on the same model, with the same Reynolds number:.

-in the same test section rendered guided by the ventilation

mask,

-in a test section with such dimensions that the wall effects

are negligeable.

As far as possible the second type of reference is preferred
because it has no limits due to the test section locking and does

not require corrections which are high in three-dimensional cases.

The iterative process used for defining the porosity laws
is the following (figure 12).

13



The work always includes an interpolation in M, CZ of
the wind tunnel data. The first assessment of the deviations
to be reabsorbed by corrections is established in incidence de-
viations as a function of CZ at a fixed Mach, and in Cx deviations

as a function of M for a given CZ.

The deviations of M and CZ between interpolated results, cor-
rected for the reference test and not corrected for the ventilated
wall test are introduced into the curve networks established as a /11
function of porosity. This gives the first porosity law. It is
used to ocrrect the results of the ventilated wall test. The dif-
ferences between the interpolated results corrected for both tests
are then examined. If these differences satisfy the manufacturer's
precision specifications, the work is completed. Otherwise, the
process is repeated. In general, three iterations are necessary.

If differences still exist, the reasons are investigated.

An examination of the pressure distributions measured on the
walls of the test section make it possible to define the Mach-in-
cidence limits beyond which the Mach number is greater than 1. In
fact, this value is obtained on the ceiling and there is not yet
any locking of the test section: the supersonic region on the top
skin of the wings reaches the cieling. The wall corrections are
no longer applicable. Figure 13 shows, for a coriected Mach, the
limits obtained at SIMA for three slit conditions and at S2MA for 2

homothetic models.

In the case of an S2MA transonic test section, for two used
conditions of perforated walls (by opening slide valves by 100 and
55% to modify the porosity), the porosity laws (figure 14) were
established by using as reference tests tests on the same model
in SIMAwith an area 13 times larger than that of S2MA. These laws
proved to be correct for full and half civilian aircraft models
up to Mach 0.92 and for full military aircraft models up to the

limits due to supersonic zones.

14




In the case of a 20 m2 SIMA test section, the porosity laws

(figure 14) of 4-slotted or 8-slotted open configurations were
defined in the reference for tests performed in closed slotted

configuration. These laws are correct up to Mach 0.85.

Beyond this value, there are still differences between the
corrected results, obtained for the three test section cases, and

an attempt is being made to resolve these differences.
2.1.4 Indirect Signatures Method

One variant of the conventional method consists of basing
onself on the signatures calculation as a function of the porosity
parameter assumed to be uniform and by comparison with the meas-
ured signatures to derive the wall porosity cartography. This

variant was used for the case of the S3MA perforated wall test

section. After verifying the correct description of the locking
and 1lift terms in a guided test section, figure 15 shows that for
perforated walls, a comparison of the signatures leads to a Q
uniform porosity parameter Q of 0.2 on the walls. This porosity
is moreover identical to that derived from the overall efforts in
a guided reference test section.

In fact, this indirect signatures method is used to check the

validity of the wall uniform porosity concept.

In test sections with perforated walls, a porosity test by /12

comparing the measured and calculated signatures has not raised
any special problems. As with this case the concept of a uniform
equivalent porosity was not handicapped by examining the signa-
tures. The conventional method was retained because it is not
penalizing in terms of computer time, after the porosity laws are
established. Generally speaking, the more the porosity concept
is uniform, the more the mathematical description of models and
stings proves to be inadequate.

15



2.2 MODEL SUPPORT INTERFERENCES

Corrections of the Mach number and of the Archimedean thrust
brought about by the presence of model supports may be obtained
experimentally based on measurements of the Kp distributions at
the location which the model :fuselage axis would occupy. A clin-
ometric sounding would also make it possible to know the tail

unit setting correction due to supports.

To avoid costly soundings, a calculation may be performed.

Two methods are used at present.

The surface singularities method begins with. a meshing of
obstacles in the test section of on its walls. This technique is
directly derived from techniques used by manufacturers in an un-
limited atmosphere by adding the walls to simulate the contained
atmosphere of the test sections. 1Illustrations of the meshing are
therefore borrowed from manufacturers. Figure 16 shows [33] the
sting and sting holder in the S5 guided test section of CEAT-
TOULOUSE used by DASSAULT-BREGUET. Figure 17 shows the meshing
of a Mirage model installed on the wall of the S2MA guided test
section and of the device with 6 degrees of liberty to study load
trajectories: calculations performed by LE BOXEZ of AMD-BA.

Figure 18 is concerned with the assembly of a civilian air-
craft twin sting in a guided test section meshed by AEROSPATIALE.
More complex cases including ventilated walls and descriptions of
test section ends and upstream parts with tapered section are un-
der study. This method is still complicated to use and requires

powerful computers.

A description of test section obstacles using singularities
distributed over their skeletons of various shapes has been tried
recently by ONERA [34]. The only data are the coordinates of the
assmbly skeleton and the area rule.

16



An attempt is made to validate this method in an unlimited
atmosphere by comparison with the results of previous more soph-
isticated methods. Figure 19 shows, in these conditions, a good
agreement of the Kps and incidence ' promoted by an inclined sup-

port:used in a sabre assembly of the F4 model.

The support description is tested in the guided test section
by comparing the measured and calculated signatures. In this
case, a description of the model-support system is used. Figure /13
14 shows the case of an ONERA standard model assmbled in a
sraight sting in the S3MA guided-rendered test section. A model-
ization with 20 doublets for the model and 15 for_the sting pro-

vide a good agreement of the signatures.

Returning to the case of the F4 model in an S2MA transonic
test section, figure 19 gives the Kp distributions on the 1line

which the fuselage axis would occupy for various wall porosities.

We should insist on the relative magnitude of the wall effects
and sting interferences. In the case of an S2MA wind tunnel (fig-
ure 20), in the'perforated wall version with maximum rate, the in-
cidence corrections are zero. The drag corrections resulting from
the longitudinal gradients promoted on the support sting and the
wall effects are in a 3 to 4 ratio for a civilian aircraft model.
The sting interference is more crucial for military aircraft mo-
dels whose incidences may exceed 40 degrees (and even higher for
missiles) [35,36]. Given these high values and the stresses to
contain, the volumes of model support mechanisms are such that the
wall effects for a well conditioned test section may seem secon-
dary. This real problem, in the absence of a magnetic suspension,

deserves to be considered first for future active wall wind tunnels.
2.3 APPLICATION TO INDUSTRIAL TESTING

We now have correct descriptions of models and its supports

and of the test section porosity laws. As of now the corrections

17



are all calculated prior to testing for a specific case of a

test section, wall configuration, supports, model.
These corrections (figure 21) include four parts:

-corrections relative to an empty test section obtained from
corrected soundings, if necessary, and from the influence of the

probe support,
-calculated or measured support interferences,

-corrections of wall effects and of the field impact of the

model on the test reference.

In all the computer calculations provide a set of corrections

depending on M, C C. (or incidence) expressed in the form of a

’
table or polynom?al iaws which are introduced in the wind tunnel
calculations to obtained real time corrected results. The cor-
rection calculations also provide the total field promoted by the
walls and supports, for a Mach distribution and incidence correc-
tion on any point of the model. It is easy ' to know the spin and
camber corrections of the wind promoted by the walls and the local
M and tail unit setting corrections due to the model supports.

<

CONCLUSION

The advantage of pressure measurements on the walls of test

sections was clearly established for calculations of wall effects.
For reasons of convenience associated with the intended use of

wind tunnels, these pressure measurements are still performed:

-occassionally in 3d to.control the concept of uniform por-
osity of perforated walls and to check the mathematical descrip-
tions of models and supports in a guided test section,

-systematically in 2D for direct access to corrections,

18
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-imperatively in test sections with adaptive walls,

-finally with suspicion in test sections with slotted walls.
The measurements should be performed at a distance from the walls
which is technologically difficult to do.

If the advantage of additional measurements of the other
component of the local flow on control surfaces is to eliminate
any model description, a real problem of measurement precision has
not yet been solved.

Optimized test configurations (test section, sting, model)

is the result of a compromise between wind tunnel investments,

the cost of testing and the quickness with which the results pre-
pared are rectified. 1In three-dimensional cases, the wall effect
levels are reduced:by limitations in model size due to the span

for civilian aircraft, due to the length for high incidence mili-
tary aircraft. Small displacements of flexible walls will require
greater accuracy in pressure measurements and in the positions of
adaptive actuators. Test sections with 3d adaptive walls are still
too recent to know their application limits and operating difficul-

ties.

Meanwhile, it is suggested to use adaptations to the main

point of a test program. These adaptations may concern:

-models whose manufacturing specifications account for dis-
torsions in the flow of conventional walls (as practiced for aero-
elasticity);

-walls which should meet specifications using conventional
padding whether or not associated with improved ventilation dis-

tributions.

In any case, continuous revisions of concepts for minimizing

wall effects should follow improvements in the specifications for

precision required by manufacturers.
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Table 1
Wind Tunnels With Controlled 2D Boundary Conditions

Wind . . Test Section Boundary Conditions Model
Tunnel ILocation Section:f.u| Length/H Control ) /M
Nb Points (paths,
O Threshold/H_ _ _ _ _ _
T.S.W.T. University j5.s5cm 7.33 20 actua- 0.6 to 1
of South tors
Hampton -
T.U.B. Technical o+ o Al
University 15x15cm2 4.6 goi:tua— -0.16 5.10 0.66
of Berlin
T, . . ONERA-CERT 2
2 Toulouse X7 W 3.5 lf__oigtua’ 0.07 10°% 0.3 to 0.5
AEDCCAISPAN g‘ilff:;gma 25x%30cm’ 4.6 10 boxes Longitudinal
(perfor- Tubes 0.3° 0.3 to 0.5
ated
walls)
NASA California 25xl3cm2 5.66 3x6 laser 0.6
Ames boxes Velocimetry :

(slotted over two
holes) 0.05° planes
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Table 2

Main Methods of Calculating Wall Effects Using
Parietal Data

surface

Author Data Required . . ‘o
At Wall On Model Resolution Method Applicability
KEMP [21] nip sing. distribution .
up Un on wall and linear gg and potentially
_ model _system
CAPELIER Cz,Ca,Cx Numerical Integration 2D and 3D in rec-
[19] U Or ¥ geametry & Explicity or tabulated tangular test sec—
measure- Impact Functions tion with flat
ment lateral walls.
Cz,Ca,Cx . e
SMITH g try & Symmhmﬂtlasdlmznbu
u tions on walls 2D
[25] P meas Linear system
NLR I _ ments Y
SAWADA Represen— Fast FFT Fourier Series 2D and 3D with
[22] [37] tation Green's theorem unsteady 2D
of_model
MORRY Represen- Fast FFT Fourier Series 2D and 3D with
[24] tation cylindrical sur-
of model face control
| .
i ASHILL [25] 4 & No repre- Green's theorem applied
! and NRL II sentation inside the control 2D and 3D
i
]
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WALL EFFECTS IN WIND TUNNELS
by J.P. Chevallier and X. Vaucheret

INTRODUCTION /3%
NTF

The recent first commercial operation of the NRF high Reyn-
0lds number wind tunnel (NASA Langley) [1] , the European ETW
wind tunnel project [2] and the continuous request of manufactur-
ers for more specific test conditions in existing installations
have led to the creation of different work groups to study the
problem of wall effects from the three-fold standpoint of their
determination, their reduction and their correction. We may men-
tion in particular an AGARD work group under the auspices of the
"Wind Tunnel Testing Subcommittee of the Fluid Dynamics Panel" (3],
and the GARTEUR action groups [4]. The most important results
were also presented during the following meetings:

—AGARD-FDP Meeting at London on May 19, 20, 1982 (17 reports
on wall effects in wind tunnels) [5];

—~AGARD FMP Meeting at Smyrne on October 11 to 15, 1982 [6];

-Working sessions on "the reduction and correction of wind
tunnel wall effects" NASA Langley Research Center Jénuary 25-26
1983 [7]. i

-53rd AGARD FDP Meeting on "Wind Tunnels and Testing Techniques"”
at Cesme on September 26 to 29, 1983 where 36 reports were presen-
ted, particularly that of Bignion and Kraft [8], presenting the
conclusions of the 1982 meeting at London [5].

Of all studies presented, our purpose is to reveal which of
these are current trends and to specify our own practiées. To
accomplish this, we shall first examine the means currently used
to reduce wall effects, then recent methods of calculating these
effects, because the two problems are now intricately interrelated.
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It seems that there is a quasi general agreement on the need to
use measurements of the\gggggﬁfield in the vicinity of the walls
to calculate interferences. Measurements of the same type will
be used for testing the boundary conditions when we try to mini-

mize these interferences.

In the second part the methods are applied to industrial
[ bt
wind tunnels based onléaxieta%rmeasurements so as to test the
- w" 3
representation of the model d its support.

n o
Sengaaiets

1 - VARIOUS METHODS FOR REDUCING OR CALCULATING WALL EFFECTS

1.1 - REDUCING WALIL EFFECTS
Zﬁ}igfgenerally achievedYbecause the -m™"adaptive walls"
(63
Issuseds It,is a vague term covering highly diverse practices

using for example:

-permeable walls (perforated walls with variable porosity,
Ho
£ Mﬁiﬁé&€a~suction chambers, controlled back-pressure; changing

slits with valves or counterplates; transversal flaps),
-flexible solid walls.

Various dewvices for measuring the ;égzgifield are combined
with these means of testing the transversgi flow component: iso-
lated probes,rlgegi}udinal tubes fitted with pressure taps, laser
velocimetry, p%fiﬁffi/taps' We will limit ourselves to a brief:
description of operational systems, the results of which are pub-
lished and to the most advanced projects, primarily for two-dimen-
sional testing. The characteristics reduced in terms of test sec-
tion height (table 1) facil$fff7-comparisions.

oM Gxdwxﬁ/m)bLi0714/
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-Wind Tunels With Perforated Walls and Multiple Chambers

The first developed at CALSPAN based on Sears! ideas [9] has
a section 25 cm wide and 30 cm high, walls with normal perforations
(22.5% opening) with 8 lower chambers and 10 upper chambers, tested
individually. Measurements of the flow speed and direction on the
control surface, performed at the beginning with clinometric probes
now are due to the calibration of long}Fudiqigcsgbeqniquipped with
2 rows of pressure taps arranged o¥ r-opposite—generators. These
tubes, installed over a rotary support, should enable measurements
to be performed on a cylindrical control surface for the extension
of three-dimensional flows (Wind tunnels 1T, then 4T of AEDC)

figure 1.

-Wind Tunnel With Slits and Multiple Chambers
NASA  Amco 2

At the—eenter—of-AMES [10], a 25 x 13 cm® wind tunnel has 6
suction compartments for each wall. These compartments are in
turn divided’ 3&213wise into 3 chambers for a three-dimensional
adaptation. The measurement of 2 disturbance speed components
on one control surface is replaced by the use of 2 control sur-
faces with measurement of the one cross-component using a laser
velocimeter.

i
-2D Wind Tunnels With Solid Flexible Walls

At the Univeristy of Southampton, the TSWT (Transonic Self
Streamlining Wind Tunnel) has a 15 x 15 cm2 square section and a
very long test section (1.12 m) whose upper and lower walls are
each shaped using 20 electric actuators with a similar number of
pagzéiél pressure taps [11]. As such the wind tunnel was used for
two- and three-dimensional testing to determine whether the dis-
turbances ~&o<be measured on the walls ofvthese are difficult to

obtain with precision (figure 1).

At the Technical University of Berlin [12], the T.U.B. wind

-




tunnel has a 15 x 15 cmzysquare section with two flexible walls
over 0.69 m each shaped by 8 direct current acutators with a 25 mm

path and equipped with some 20 pressure taps.

At CERT at Toulouse, the T2 wind tunnel [18], which was the
subject of 2 reports [13, 14] has over its competitors the advan-
tages of one order of magnitude at least with respect to the Reyn-
olds numbers (0.37 x 0.38 m2 test section and generating pressure

S¢Wﬁ;5b) and an excellent relative precision in the knowledge Lf wall

/Z,u/rl/
CAAMN

shapes (using potentiometers of about 0.05 aﬁ§~g;§3§beed- istribu-
tions (with 91 pressure taps on each wall). ByJQp“Eﬁﬁiquﬁithe
program for calculating the virtual field and optimizing the relax-
ation factors reducing the time reqﬁired for adaptation during a

gust of a few tens of seconds.

In addition to these advantages, the T2 wind tunnel has a rela- /5
tively short test section (table 1). What can we conclude about
the precision of the reference conditions obtained in these condi-
tions? We shall return to this essential point after a brief re-
view of the new methods of assessing wall effects. It should be
pointed out that an attempt has been made to compensate for lateral
boundary layer effects using reliefs made by gluing paper cut out
in the shape of igéglllines [15]. This procedure finds its justi-
fication in recent CEAT tests [16] which show: the existence at the
root of the mohelléwo small counter—rotat§§b vortices, very differ-
rent from the models ton proposed by Preston [17].

<?:ftto prop Y [17]

9
3D Wind Tunnels With Flexible Walls

—AFFDL. QQ
At theJNKSAzcen;erzni Wright Fleld 9"x 9' test section %g
(i.e. about 23 x 23 cm) operating “u er—4b has 2 flat side walls .

whereas the other two are made up of flexible rods with alterna-
ting circular and trlangular sections actlv%ted by some 100 actu-

ators. No measurementbwas performed on the walls [3].




At the Technical University of Berlin [12] a second test
section, with an 18 x 15 cm2 octogonal section, is used for 3D
tests.(ﬂ%&sd£?a51blllty of such tests was/demon sirézg\trecently
in an opgﬁftron<)t Cesme in September 1983 (figure 3), despite
the smallAdeformatlons to—bg—achxeved (of the order of one mm).
"V
. . . ﬂﬂﬁﬁ

At DFVLR, in the advanced project, Dehnbare Adapative Meb-
strecke (DAM) the circular test section was made up of an bcwwﬁ&r
tube 800 mm thick whose diameter was stretched into 8 sectrons-b§b

6t 8 actuators [12] (flgure4§Q.
1.2 - NEW METHODS OF CORRECTING WALL EFFECTS

This was the title, in singular form, of a report presented
at the 14th Symposium of Applied Aerodynamics at Toulouse in 1977
[19]. We still use this name for methods which have multiplied
€g£3§ years and whose common p lwmﬁ.ls to call on measurements

wm,_ Q(\\tb
made on wallsyor in theix v1c% ity. Created from the necessity

2y
of being applicable to adaptrveﬁ but not perfectly adapted walls,
this type-of method has for conventional walls the advantage of

eliminating certain controversial assumptions on lineary boundary

conditions [18, 20].

Without doing into too much detail, we may mention the follow-
ing methods in the order they appeared:

Kemp: the unknown intensit?ﬁof the singularities arranged
at the walls apd gt the location of the model zg;determined L slad F«M«
satiﬁjy/ﬁithY;ggggsmeasurements o an equal number of control
points, on the model and at the walls, by resolving the linearg!
system formed with the corresponding impact factors. The Barietal
singularities thus defined contribute alone to the interferences

under investigation.

-Smith [25]: the NLR I method differs: from that of Kemp only




ks

in the limitation of the unknown singularities at the wall, the
‘model being represented by given singularities, functions of its
geometry and of overall 1lift and drag measurements.

Capgﬁier et alii [;9]: In contrast to the two aforementioned
me@hpds/thé formulation:Expresseé in terms of integrals of the
‘Q%Eg§5deviations measured at the walls and calculated for the model.
avoids resolving the linear system and therefore eliminates the
consequences of random errors in the measurements. This method
applies not only to the two-dimensional case, but also to three-
dimensional flows in test sections with a rectangular section and
flat side-walls.

& .
Syada [22] presented a very similar method which he recently

applied to two-dimensional unsteady flows [37].

2L .
Mokry and Ohman [23]: Direchlet's probleh for,theaxial speed

inside the surface upon which boundary data are collected is sol-
ved in the form of a Fourier-Bessle series for three-dimensional
cases. Their coefficients are obtained using rapid Fourier trans-
forms.

For corrections calculated on the axis of the test section,
a -cylindrical control surface may be used no matter what the
shape of the testfsection has.w |
S
Mokry compared these methods [24]joﬁ’a two-dimensional test
case and showed that [19] and [23] gave identical results and
[22] and [25] deviated only very slightly.

Ashill [27] as well as Smith in the unpublished NLR II method
avoiding the use of the model which may be delicate in the presence
~of supersonic or separation regions in the flow. They should
‘herefore use measurements of the two disturbance components in
the vicinity of the walls.




abh’
All of these methods are of the linear type and are limited
for this reason below Me=h1l. Also they jmplicitly assume that the

pboundary conditions are homogeneous enough for the measurements

near the walls to be significant.

For any method used, the precision required in knowing the
two disturbance components w1bl Ee brought to light through the
explicit formulation of the speed~and incidence corrections,based
on the relative longitudinal disturbance component u [19] cu, ac~
cording to the so-called conjugated formulation [28],0n the rela-
tive transversal component & By letting ut and vi be the wall
interference components at the center of the test section and by
simplifying the formulas given in [18] based on an empty test sec-—

tion.
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No problem is raised by using formula (1) because it was
shown that it tolerates the truncation of the integratioq,tgnmrné
Als owing to the rapid decrease in the impact function and the
fact that it eliminates the reference errors. The same is true
for formula (4) in regard to incidence. conversely, for formula
(2) it is necessary to determlnetﬂmaconstant c. It is zero if
we adopt as reference a flow direction which is sufficiently up~
stream so that the dlfferenceux(g *Ej;hkf, \hls zero. It also
shows in the nucleus of the integral a iﬁifigigfference which is

delicate to measure.
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Based on these formulas we therefore conclude that to :apply
the so-called new corréction methods it 'is necessary to know, at
a right angle with the model, the speed vector in modulus and dir-
ection, in the vicinity of the walls, with a precision of the same
order -of as that required on so-called "ypstream infinity" condi-

tions.
1.3 - DETERMINING THE REFERENCE CONDITIONS

The crucial importance of determining these conditions accur-
ately was recently recalled in a report under the "Wind Tunnel
Testing Techniques" Committee of AGARD-FDP which set forth the re-

quirements of airplane manufacturers with respect to wind tunnels
[29].

The investigation of an error limited to ACy = 0.0001 leads
to AM = 0.001 and Ao = 0.01° in regard to the Mach number and the
incidence. This goal, which seems a challenge, actually deserves
considerable effort because in other sources [30] it is shown that
a 1% gain in the cruise drag (considerable ohdly in these oconditions)
is profitable even if we have to guintuple.the number of aerodyna-

J

mic tests of a transport aircraft.zwu .
How can Qe possibly know the direction and speed of an "infin-

jite upstream" flow in a wind tunnel with such accuracy?

Excluding the support effects, which will be discussed in
the second part, and remembering that we have to know the direction
and speed on a control surface with the same precision, by examin-
ing the errors inherent to the various procedures for measring the
flow disturbance components (laser, clinometric probes, etc), here
at ONERA we think that there is only one valid procedure: using
deformable solid walls where the quality of the surface condition
and pressure taps is equal to that obtained on airfoils and posi-

tion measurements showing the shape of the wall (which will be

-—




corrected for the boundary layer displacement thicknesses).

Among the wind tunnels which try to achieve these conditions,
we see that T2 has a shorter test section, but that it is long
enough to define the reference conditions perfectly, given the
balance functions discussed above. It has the largest number of
SEEE%%E& pressure measurements and actuators near the model and
the best definition of the wall positions. The £53§Z of theAdié—
placements is slightly smaller and as a result the dimension of

. . Sall Focte . . . .
the model is limited. Thefafsp%acemeﬁi-pltch in other regions 1s

y r.j{/
too strong. maﬁlﬁa
AVV LN -
In these apparently optimal conditions, has the objective

focusggg on been achieved? It is virtually impossible to calcu-

late an error: the shapes of adaptive walls are derived by pro-

cess%ng anQexternal virtual flow using Green's formula and whosev«jl

- e

speeddmeasurements are—the.data. Conversely, the over=
spééds.a€:§2§1§§£j§5555:5123Lthe model are also function&ls of /8
the slopes obtained by smoothing and interpolation of the measured
dimensions. An intrinsic validation was therefore tried by plac-
ing the same gﬁgéa (CAST 7 airfoil with a 200 mm chord) over the
axis of the wind tunnel and at 80 mm below this axis. By adaptingJor
each case, the wall shapes and partetal pressure -distributions are
totally diffegent [15]. The variation of the lift factor as a
function of the Mach number for angles of O\and 1°, shown in fig-
ure 6 on a large, scale, shows the/a£§§é£§103~ﬁflthe measurinch“MA;‘
points. The latter does not show any systematic deviation due to
the difference in testing conditions and it seems small enough for
us to be able to conclude that the objective is virtually if not
fully achieved. This success in two-dimensional testing leaves
promising prospects for extensions to three-dimensional flows pro-
vided that all precautions are taken to observe the purety of
the flows, thebhomﬁgeneity of the boundary conditions and the pre-

cision of the pariretaldmeasurements in the presence of considerably
smaller disturbance fields.




2 - WALL AND SUPPORT EFFECTS IN ONERA'S INDUSTRIAL WIND TUNNELS .

In wind tunnels not yet equipped with adaptive walls and with
magnetic suspensions, it is still necessary to make corrections
for wall and support effects to restore as far as possible the re-
sults which would be obtained on models in an unlimited atmosphere.
There are two types of corrections to be made for the potentials

under consideration:

—the wall effects are calculated based on the interference
potential prom 5by the walls,

-the support effects are the result of the sum of the poten-
tial of the supports in an unlimited atmosphere and of the inter-
ference potential pnomote&yby the walls.

2.1 WALL EFFECTS

Two methods are currently employed for calculating wall effects.

These methods have already been presented.

The first method, called the "conventional method" [31] con-
sists of calculating the potent1al2prom6§§§3by the walls by sol-
ving a probleﬁ whese—data_are—thJ;f5&10w1ng‘ Jo%;;

-the potential of the model in an un%imitgpj?tmusphere,
oo eyt

\f\,h.t-\.

o g
WAN S f N

-the boundary conditions on the walls o the test section

involving the concept of equlvalent uniform wall por081ty

The second method, called the "signature method" [19] allows
the potentialz?romoteéjby the walls to be derived from data con-

sisting of:

-the potential of the model in an tiiizgiijjatmosphene,

10




—the distributions of pressures measured on the control

surfaces of the test section (signatures) .

These two methods have in common the assumption of a cylin- /9
e TEA NS .
drical test sectionfreacgiﬁézto infinity, and the necessity of

making use of a mathematical description of the model.
2.1.1 Mathematical Description of the Model

Since we are referring to a corrective calculation and not
a calculation of the flow on the model, the specification of the
model is rudimentary: it should include the required number of
singularities for the model field to be properly represented at
a distance from the model. The best way to control the specifi-
cation consists of comparing the signatures measured and calcula-
ted on the walls of the test section in a configuration with per-
fectly known boundary conditions: in this case the use of solid

walls is unambiguous.

JqLeT Latals g 1 (
The iterative process (figure 7) is 3?e f?}iow1ng u51ng sig-
olt wWalle

nature measurements on the walls of a guxded ,test section, in the
presence and in the abs nce of a model, by adding and subtractin

Ct"“{‘ﬂ“"v‘h 8 aith Llockare > g g
we find the lparts ﬁer—the—&eck&ngcand 1lift terms-correspondlng to
an .isolated model The model specification associated with zero
porosity conditions of the walls makes it possible to obtain sig-
natures at, the same locations of the test section and to divide

. Sloctecues: . . .

them 1ntochckiné1and 1ift terms. An examination of the differen-
ces between calculated and measured signatures makes it possible
to check whether the model specification should be improved and in
this case which part of the specification, volume, wake, lift is
to be altered to be acceptable in terms of manufacturer specifica-
tions.

Two examples illustrate the mathematical specifications of
the model.

11
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A,
The first example concerns tests on a profile in a £
strcany [ cloge . . .
Surrent in S3MA in a g&ide&-test section configuration. An ex-
ample of the signatures measured in the presence of a profile,

then corrected oﬁtfﬁézreadings in the absencecof a profile (figure

8) show that the tapping errors were eliminated as well as the
effect of the wake comb located downstream. A comparison of the

calculated and measured signatures (figure 9) show that the lift ﬁm ™ wfmn
L e T

e
descrmpt&onzdue to two intensgky vortices derived from measurements

of CZ and CM is adequate [32]. At zero lift, the description of

the volume using a single doublets is also adequate. Conversely,
the description of the wake using a single source is increasingly
incorrect when Z_, (therefore CY) increases. This is due to th -

Z
absence of7the—tapang—oyAcon5i4e5¢ng thetfeparations in the,des-

cription. Work is now underway to correct this.

— The second example concerns a space model (figure 10) in a
2 ,
47 m“ SIMA, test section. The description of the streamlined bodies
Numh”.}e,l" CE- \},,gf p .
is here a double doublets’ numbex 6§1the ratio between the length
and diameter of the body. We see that the calculated signatures cwre
. . repnssunbase 2
in good agreement with the measurements, personaiize well the
. ol ?5__@ L‘A
shape of the model:)flat signature for the fuselage alone, ulging shep<

for the entire spacecraft.

When theémathematical description of the model is considered

to be correct, calculations may begin to correct the wall effects.
2.1.2 Signatures Method /10

As indicated above, this method does not require knowledge
of wall porosities. One simply needs to measure the signatures
over a control surface so that the wall porosity effects are hom-
ogeneous.

it , i

In perforated walls, and a—foxrtiori solid ones, these control
surfaces are the walls themselves. The[duragizikof the signature

measurements does not exceed that of the wake measurements of a

12
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flat curr profile. This method is systematically applied to
profile testing in S3MA. The corrected results obtained on the
CAST 7 profile are in good agreement with those obtained in

the test section with adaptive walls of the T2 wind tunnel of
CERT/TOULOUSE (figure 11). as—we%%*as—fUr—the—%&ﬁt—curnes_and_fora
the_stahiilgi_ggxyeg,pf—the—max&mum—eh.

In the case of walls with slgts, the signatures may no longer
be sampled on the walls. According to a recent publication [20],
the signatures should be recorded at a distance from the walls
which is virtually equal to the slit pitch. This is a problem
for 'the test section which as a limited number of slzts.

In addition to a correction description of the model, it is
(& aﬁb\c.c\\. -——\L .
necessary in the conventronal- m thod to know the wall porosity
laws as a function of the Mach, and of thezgeneﬁateﬁ%.pressuresand
< [TVIRN
to validate the concept of uniform wall poro§1E§?5

el

ey Sl

The reference tests [31]Jaxe4£e£en£ed to determine the wall
Comtpred [

porosity laws. These tests may be obt%inéacgy performing tests

on the same model, with the same Reynolds numbers:.

! o8
—-in the same test section rendered guided by the ventilation
mask,

Lesk
-in a tegt section with such dimensions that the wall effects
are negllgéable.
choki g
As far as possible the second type of reference is preferred
Ly
because it has no limits due to the test section lockrﬁﬁ and does

not require corrections which are high in three- -dimensional cases.

The iterative process used for defining the porosity laws
is the following (figure 12).

13
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The work always includes an interpolation in M, CZ of
the wind tunnel data. The first assessment of the deviations
to be reabsorbed by corrections 1is established in incidence de-
viations as a function of C, at a fixed Mach, and in Cx deviations

as a function of M for a given CZ'

The deviations of M and C between interpolated results, cor-
rected for the reference test and not corrected for the ventilated
wall test are introduced into the curve networks established as a /11
function of porosity. This gives the first porosity law. It is
used to g%rrect the results of the ventilated wall test. The dif-
ferences between the interpolated results corrected for both tests
are then examined. If these differences satisfy the manufacturer's
precision specifications, the work is completed. Otherwise, the
process is repeated. In general, three iterations are necessary.

If differences still exist, the reasons are investigated.

An examination of the pressure distributions measured on the
walls of the test section make it possible to define the Mach-im~
‘wcidence limits beyond which the Mach number is greater than 1. In

fact, this value is obtained on the ceiling and there is not yet

chok \h%

te cheorle
CO"VUTQkﬁxEk}NB) of the test section:_ the supersonic region on the top

-

.cc 8kin of the wings reaches the giiﬂSﬁEh The wall corrections are-V
no longer applicable. Figure 13 shows, for a corrected Magﬁ; E;e
limits obtained at SIMA for three s}it conditions and at s2MA for 2
hemethetic models. s Lot

ot milan
In the case of an S2MA transonlc test section, for two used
conditions of,perforated walls (by opening slide valves by 100 and
55% to modify the porosity), the porosity laws (figure 14) were
established by using as reference tests, tests on the same model
in SIMAwith an area 13 times larger than that of S2MA. These laws
proved to be correct for full and half civilian aircraft models
up to Mach 0.92 and for full military aircraft models up to the

limits due to_supersonic zones

bk
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In the case of a 20 m2 SIMA test section, the porosity laws

(figure 14) of 4-slotted or g-slotted open configurations were
defined in the reference for tests performed in closed slotted

configuration. These laws are correct up to Mach 0.85.

Beyond this value, there are still differences between the
corrected results, obtained for the three test section cases, and

an attempt is being made to resolve these differences.
2.1.4 Indirect Signatures Method

One variant of the conventional method consists of basing
onselfoon the signatures calculation £§Agx?§;€£23h of the porosity
parameter assumed to be uniform and by comparison with the meas-
ured signatures to derive the wall porosity cartography. This
variant was used for the case of the S3MA perforated wall test
section. After ver1f¥1ng the correct description of the Tocking Ldju?¢

Obt.

and lift terms in a gu%ded test section, figure 15 shows that for

perforated walls, a comparison of the signatures leads to a Q
uniform porosity jparameter Q of 0.2 on the walls. This porosity
is moreover identical to that derived from the overall efforts in

[ ow:&
a guided reference test section.

.

In fact ?thls indirect signatures method is used to check the

validity of the wall uniform porosity concept.

In test sections with perforated walls, a porosity test by /12

comparing the measured and\calculated signatures has not raised
any special problems. As\wath this case, the concept of a uniform
equivalent por051ty was not handicapped by examining the signa-
s lassieal -——1‘ . .

tures. The“conventxo method was retained because it is not
penalizing in terms of computer time, after the porosity laws are
established. Generally speaking, the more the porosity concept
is uniform, the more the mathematical description of models and

stings proves to be inadequate.
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2.2 MODEL. SUPPORT INTERFERENCES

o lan
Corrections of the Mach number and of the Archimedean thxustgusyﬁSEB

brought about by the presence of model supports may be obtained
experimentally based on measurements of the Kp distributions at
the location which the model ifuselage axis would occupy. A clin-

A Casw l\t.w\:v\ .
ometric sounding,would also make it possible to know the tail =
unit setting correction due. ¢ supports$:; vﬁirhcfbuc.

To avoid costly soundings, a calculation may be performed.
Two methods are used at present.

The surface singularities method begins with. a meshing of
obstacles%§hﬂ%ﬁé test section of=on-its walls. This technique is
directly derived from techniques used by manufacturers in an unconﬁtﬂ-

JLmo “Jimited atmosphere- by adding the walls to simulate the conta1n€dcpn.ncg
,EE§§EEEEE§E§§,the test sections. Illustrations of the meshing are

therefore borrowed from manufacturers. Figure 16 shows [33] the

P
/
¢

sting and sting holder in the 85 guided test section of CEAT-
TOULOUSE used by DASSAULT-BREGUET. Figure 17 shows the meshing
of a Mirage model installed on the wall of the_ S2MA gu&ded-test
section and of the device with 6 degrees ofjiﬁgZ;ty-to study load
trajectories: calculatlons performed by LE BOXEZ of AMD-BA.

Figure l% is concerned with the assembly of a civilian air-
craft twin sting in a guided test section meshed by AEROSPATIALE.
More complex cases including ventilated walls and descriptions of
test section ends and upstreamS;;£231w1th tapered section are un-
der study. This method is still complicated to use and requires
powerful computers.

A description of test section obstacles using singularities
- distributed over their skeletons of variqus, shapes has been tried
A -Cc

recently by ONERA [34])]. The only daéziére the coordinates of the
assmbly skeleton and the area rule.
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wn<o 4
An attempt is made to validate this method in an uniimited
aimoggﬂgzé-by comparison with the results of previous more soph-
jsticated methods. Figure 19 shows, in these conditions, a good
agreement of the Kps and incidence ' promoted by an inclined@ sup-
port:uised in a sabre assembly of the F4 model.
Josell

The support description is tested in the guided test section
by comparing the measured and calculated signatures.' In this
case, a description of the model-support system is used. Figure /13
14 shows the case of an ONERA4s§?n%§rd model asﬁﬁbled ggLék@»chanQ
ggaight sting in the S3MA guided=rendered test section/ A model=
‘“ﬂrum&iknization with 20 doublets for the model and 15 for_the sting pro-

vide a good agreement of the signatures.

Returning to the case of the F4 model in an S2MA transonic
test section, figure 19 gives the Kp distributions on the line

which the fuselage axis would occupy for various wall porosities.

We should insist on the relative magnitude of the wall effects
and sting interferences. 1In the case of an S2MA wind tunpel (fig-
ure 20), in the>perforated wall version with maximumgéateﬁ he in-
cidence corrections are zero. The drag corrections resulting from
the longitudinal gradients promoted on the support sting and the
wall effects gre in a 3 to 4 ratio for a civilian aircraft model.
The sting interference is more crucial for military aircraft mo-
dels whose incidences may exceed 40 degrees (and even higher for
missiles) [35,36]. Given these high values and the stresses to
contain, the volumes of model sup ort mechanisms are such that the
wall effects for a wellyggga&tionedztest section may seem secon-
dary. This real problem, in the absence of a magnetic suspension,
deserves to be considered first for future,aetiwve_wall wind tunnels.

- 2;4@F£Q§5

= 2.3 APPLICATION TO INDUSTRIAL TESTING

We now have correct descriptions of models and its supports

and of the test section porosity laws. As of now, the corrections

17
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are all calculated prior to testing for a specificApasegéé%;“‘ ;:B

.,\N-\
test section, wall configuration, supports:Amodel.
These corrections (figure 21) include four parts:

-corrections relative to an empty test section obtained from
MRasuee e
corrected sou;aindé, if necessary, and from the influence of the

probe support,

—calculated or measured support interferences,

e

-corrections “of wall effects and of the fé%i%tzggédt of the
mode? on the test referenceg'tby&.

[N

In all the computer calculations provide a set of corrections
depending on M, CX’ CZ (or inciiz:sei expressed in the form of a
table or polynomial laws which -axe,introduced in the wind tunnel
calculations to obtained real time corrected results. Th r-
rection calculations also proXide Ehe total e&%ﬁgié' oted; by the

MWhe

walls apd supportéﬁ&for a Mach,distribution and 1n01dence{co§§ec—
Wis

tion &n any p01nt Ythe el It 1s easy ' to know thé3sp$n?and

O‘f\.

f&‘

camber corrections of the moted ‘lby the walls and the local
‘MQEES\Efll unit setting corrections due to the model supports.
T Aumber

. -
3

?

CONCLUSION

The advantage of pressure measurements on the walls of test
as beown

sections was, clearly established for calculations of wall effects.

For reasons of convenlencg)assoc1ated with the intended use of

wind tunnels, these pressure measurements are still performed:
1D
-oqcasglonally in 34 to. control the concept of uniform por-
osity of perforated walls and ©€o check the mathematical descrip-
tions of models and supports in a guided, test section,

clo s:cQj

-systematically in 2D for direct access to corrections,
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wall

-imperatively in test sections with adaptive walls,
-finally with suspicien-in test sections with slotted walls.

The measurements should be performed at a distance from the walls

which is technological&yrdifficult to do.
2- (3 >\ CO\\.\.S

If the advantage of additional measurements of the other
component of the local flow on control surfaces is to eliminate
any model description, a real problem of measurement precision has
not yet been solved.

Optimized test configurations (test section, sting, model)

is the result of a compromise between wind tunnel investments,

the cost of testing and the quickness with which the results pre=
Copnee

‘pared are rectified. In three-dimensional cases, the wall effect

levels are reducedby limitations in model size due to the span
for civilian aircraft,,due to the length for high incidence mili-
tary aircraft. Small displacements of flexible walls will require

greater accuracy in pressure measurements and in the positions of
3D

-adaptive actuators. Test sections with 3d adaptive walls are still

too recent to know their application limits and operating difficul-
ties. ‘

Meanwhile, it is suggested to use adaptations to the mainxmfcﬁlx@
poiﬁfyof a test program. These adaptations may concern:

{\t

-models whose manufacturing specifications account for dis-

torsions in the flow of conventional walls (as practiced for aero-

elasticity):

-walls which should meet specifications using conventional
padding whether or not associated with improved ventilation dis-—

tributions.

In any case, continuous revisions of concepts for minimizlng
wall effects should follow improvements in the specifications for

precision required by manufacturers.
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Table 1
Wwind Tunnels With Controlled 2D Boundary Conditions

Wind . . Test Section Boundary Conditions Model
Tunnel Location — Section:l.u Length/H Control ' . C/H
Nb Points (paths,
R Threshold/H_ _ _ _ _ _
T.S.W.T. University ;g.qsemd 7.33 20 actua- 0.65to 1
of South- tors
\ Harpton ~
T.U.B. Technical * N o =4
University 15x15cm2 4.6 ?:o actua- -0.16 5.10 0.66
of Berlin LS
. . ONERA-CERT 2
2 oulomse X’ 33 1ioalgt“a' 0.07 100% 0.3 to 0.5
AC%CSPAN BTuuflfa]h 25%30cm? 4.6 10 boxes Iongitudinal
(perfor- Tubes 0.3° 0.3 to 0.5
ated
walls)
NASA Californta 25x13c:.rn2 5.66 3x6 laser 0.6
Ames , boxes Velocimetry )
(slotted over two
holes)  0.05° planes
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